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Abstract

Anatomy and Classifications

Peripheral nerve injury (PNI) can be a devastating and
life-changing condition, normally caused from traumatic
and iatrogenic events. Proper treatment of PNI remains
difficult, with less than half of surgical procedures resulting
in good or excellent outcomes. Subsequently, physicians
should be aware of important principles that can help
with management of acute PNI. I reviewed studies on PNI
involving anatomy and classification schemes; workup such
as electrodiagnostic tests, imaging procedures, and surgical
indications; and operative treatment options (including
nerve repair and use of nerve grafts and conduits, and nerve,
muscle, and tendon transfers). Although treatment of these
injuries continues to present a challenge to surgeons, a clear
understanding of nerve anatomy and injury classification
can be helpful in determining the indication and timing
for surgical intervention, which may lead to successful
outcomes.

The most basic structure of the peripheral nerve is the axon,
which is an extension from a motor or sensory cell body
to a target organ. The axon is composed of a phospholipid
bilayer and contains internally charged ions that create
a negative resting membrane potential. Channels within
the axon membrane permit passage of charged particles,
eventually leading to an action potential.
Some axons are coated with a fat-like material called
myelin that helps increase the conduction speed of the
propagating action potential. A connective tissue layer
called the endoneurium surrounds an axon, and a group of
axons (often with similar function) joined together is called
a fascicle. A fascicle is surrounded by another connective
tissue layer, the perineurium. The thickest and outermost
connective tissue layer of a peripheral nerve is called the
epineurium, which often surrounds multiple fascicles.
Injury to the axon and connective tissue layers delineates
the classifications described by Seddon4 and Sunderland5
(Table 1).

Introduction
About 200,000 peripheral nerve repair procedures are
performed in the United States every year.1 Peripheral nerve
injury (PNI) usually occurs in young healthy individuals
and disproportionately affects the upper extremity.2 The
mechanism of injury can include laceration-, crush-, blast-,
stretch-, chemical-, thermal-, and avulsion-type events. The
successful management of PNI includes maximizing motor
and sensory capabilities.
Because of advancements in microsurgical techniques
and understanding of nerve pathophysiology and internal
topography, treatment outcomes of PNI repair have
improved in the last few decades. However, less than 50%
of patients who undergo surgical repair or reconstruction
obtain good or excellent results.3 To possibly highlight
important principles of PNI that may aid surgeons
in performing successful treatment, I reviewed and
summarized general knowledge and studies on anatomy,
classification, diagnosis, preoperative imaging, and
treatment options of PNI.
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Surgical Indications
Recovery from first-degree injuries, which are managed
with observation alone, has been typically excellent and
occurs within the first 3 months. Axon regeneration has
occurred at about 1 mm per day and can be observed with
a “traveling” Tinel’s sign. Second- and third-degree injuries
have not usually required surgical management unless scar
formation caused local constriction. In these situations,
decompression and neurolysis may be indicated. In most
fourth- and fifth-degree injuries, surgical treatment has
been advised. However, distinguishing the second- and
third-degree injuries from the fourth- and fifth-degree
injuries can be challenging for surgeons, particularly in
cases of closed trauma.
Immediate exploration and primary nerve repair
procedures have been recommended for treating sharp open
injuries. In blunt open nerve injuries, exploration has been
advised for suture tagging of the nerve-ends in preparation
of a delayed repair. Additionally, scarring of the nerve can
lead to poor outcomes if repairs are performed before 3 to
4 weeks (before the “zone of injury” can be delineated).
Low-velocity gunshot wounds often involve a temporary
loss of nerve conduction, which can be observed. However,
high-velocity gunshot wounds often necessitate surgical
exploration because the zone of soft-tissue injury is much
more extensive. In stretch- and avulsion-type injuries to the
brachial plexus, the timing of surgery has been somewhat
controversial.

Workup
Electrodiagnostic Tests
Electromyography (EMG) and nerve conduction studies
(NCS) have been used to diagnose PNI, define the
location of injury, and monitor nerve recovery.6 Baseline
electrodiagnostic tests should be performed 4 to 6 weeks
(the results are nondiagnostic before 3 weeks) after the initial
injury to evaluate for fibrillations. Results of testing firstdegree injuries do not show fibrillations because isolated
damage occurs to the myelin sheath that surrounds an
intact axon, with observation alone subsequently indicated.
A clear presence of fibrillations, however, has often
indicated an axonal injury (Sunderland II, III, IV, and
V degree). At 12 weeks after the initial injury, repeat
electrodiagnostic testing has been recommended to
determine the presence of motor unit potentials (MUPs). If
MUPs are absent at 12 weeks, the diagnosis of a fourth- and
fifth-degree injury can be made and surgical intervention
has been recommended. On the other hand, the presence
of MUPs at 12 weeks has indicated continued observation
because axonal recovery is expected.

Imaging Procedures
Ultrasound and magnetic resonance imaging (MRI) have
been the most common imaging studies for assessing
PNI.6 Images obtained from ultrasound can show axonal
swelling, neuroma formation, and nerve laceration.7 This
relatively inexpensive process has been limited in success
by obesity, edema, and technician skill level. Although
more expensive to perform, MRI has helped distinguish
high-grade axonotmesis from neurotmesis.8 However, MRI
has been described as less sensitive in detecting muscle
denervation compared with electromyography.9

Treatment
Nerve Repair
A direct tension-free repair of a peripheral nerve laceration
has provided the most predictable outcome. Direct repair on
an urgent basis, with use of a small non-absorbable suture,
has been recommended for most lacerations. A study10 on
sciatic nerves in rats reported improved long-term outcomes
with use of a direct nerve repair performed at 72 hours
(compared to 10 days and 30 days). No difference in outcome
was observed between repairs performed at 24 hours and 72
hours. Therefore, emergent repair performed the same day
may not be necessary for all cases. Additionally, epineurial
and perineurial repair techniques have been described.
Nerve Autograft
When nerve gaps have been encountered and a tension-free
repair has not been possible, nerve autograft can be used.
Less important nerves, such as sensory-only nerves, may be
harvested to span the deficit. Gaps greater than 2.5 cm have
often required a nerve substitute because even a 6% stretch
on a nerve can result in severe dysfunction.11 Use of nerve
autograft has been the current standard of care for nerve
gaps and shows predictable results.
Nerve Allograft
However, when the required amount of nerve length has
exceeded the autograft availability, nerve allograft has been
an option. Mackinnon et al12 found that use of peripheral
nerve allograft provided necessary framework for axon
regeneration but required temporary immunosuppression
for an average of 18 months. The benefits of nerve
allotransplantation have included abundant supply of
nerves, nerve matching (mixed motor and sensory), lack of
donor site morbidity, and shorter operating times.13

Chief Articles

7

Nerve Conduits
When a short nerve gap has been found, nerve conduits
can be used to guide axonal growth without the need of
autograft or allograft. Arteries and veins have been used
as biological conduits, whereas synthetic conduits have
been more commonly used and composed of collagen,
polyglycolic acid, or caprolactone.13 The limit of length of
these conduits has been considered to be 3 cm.13 Specifically,
the use of conduits has been described in treating digital
nerve gaps because results have been excellent after treating
short sensory nerve gaps.14
Nerve Transfers
Nerve transfer procedures have been less commonly
performed compared with other methods for treatment of
PNI. A nerve transfer has involved harvesting a functioning
nerve to supply a target organ or intact distal nerve. An
example would be the transfer of a portion of the median
nerve, such as the anterior interosseous nerve (AIN), to
supply the ulnar nerve. The function of the AIN can be
sacrificed to preserve intrinsic hand function. A study by
Liu et al15 described promising treatment outcomes with
nerve transfers, particularly relating to injuries of the
brachial plexus.

Conclusion
A peripheral nerve injury can be a life-changing event, with
limitations in sensory and motor abilities possibly leading
to severe functional deficits. Proper workup in determining
the severity of damage to the nerve axon and connective softtissues can be essential for appropriate treatment. Direct
repair using sutures is recommended for treating most of
these injuries; however, use of nerve autograts, allografts,
and conduits can be effective when a tension-free repair is
not possible. Studies on nerve transfers are limited but have
described promising results. Although most orthopaedic
surgeons may not perform nerve repair and reconstruction
procedures, knowledge of appropriate workup and timing
for referral is crucial for proper management and may help
in successfully treating these challenging injuries.
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